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It  is  most  appropriate  that  as  we 
begin  the  1990s,  we  are  discussing 
the  role  of  solar  electric  power  in 
the  context  of  developing  strategies 
to  meet  current  and  future  environ- 
mental issues.  Though  the  specific  

consequences  of  environmental  degradation 
and  the  build-up  of  the  "greenhouse"  gases  are 
uncertain,  the  evidence  strongly  suggests  that 
carbon  emissions  from  the  burning  of  fossil  fuels 
are  one  of  the  biggest  contributors  to  the  green- 
house effect.  Electricity  generation  is  a  major 
contributor  to  this  carbon  dioxide  build-up.  As 
we  begin  this  new  decade,  there  is  no  doubt  that 
we  must  rethink  how  we  produce  and  consume 
electric  power.  We  must  explore  alternatives. 

Structural  and  institutional  barriers  often  im- 
pede the  diffusion  of  new  technologies  into  the 
mainstream  of  society.  In  spite  of  their  merits 
and  benefits,  perceived  risks  and  financial 
awkwardness  beseige  new  technologies  and  new 


"Driving  our  energy 

choices  solely  on  costs 

without  regard  for 

environmental 


consequences 
is  unacceptable.' 


processes.  It  takes  time  for  society, 
its  many  users  and  complicated  and 
cumbersome  systems,  to  become 
comfortable  with  changing  methods 
and  practices. 


This  is  very  much  the  case  as  we 
introduce  photovoltaic-powered  systems  into 
our  energy  mix.  To  look  at  sunlight  as  a 
legitimate  generator  of  electricity  requires 
policy  shifts,  appropriate  incentives,  and  institu- 
tional support.  To  work  toward  the  point  where 
we  can  significantly  rely  on  this  non-fossil-fuel- 
based  energy  source  requires  not  only  additional 
technical  advances  and  improvements,  but  also 
the  acceptance  by  and  flexibility  in  our  social  and 
political  systems. 

In  the  following  pages,  I  will  talk  about  these 
issues,  and  where  and  when  and  how  photovol- 
taics (PV)  ~  the  direct  conversion  of  sunlight 
into  electricity  ~  plays  and  will  play  a  role  in  our 
energy  mix. 
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The  tremendous  advancements  made  be- 
tween 1954  and  1973  brought  photovoltaics  out 
of  the  laboratory  and  made  it  an  important  ele- 
ment of  the  space  program  as  a  light-weight, 
long-lasting  energy  source  for  satellites.  Even 
though  the  modules  were  not  yet  economical, 
this  progress  established  the  credibility  of 
photovoltaic  panels  for  terrestrial  applications. 
With  the  oil  embargo  of  1973,  the  public  atten- 
tion and  awareness  of  energy  shortages,  and 
federal  support  for  researching  alternative  ener- 
gy sources,  efforts  to  develop  photovoltaics  as  a 
terrestrial  energy  source  began  in  earnest. 


Although  still  expensive,  photovoltaics  was 
used  to  power  remote  telecommunications 
repeater  stations  starting  in  the  mid-1970s. 
Much  like  the  space  program,  the  need  was  for  a 
reliable  power  source  requiring  almost  no  main- 
tenance, one  that  could  be  placed  in  remote 
locations.  As  these  small-scaled  energy  systems 
matured,  numerous  advantages  became  ap- 
parent and  by  the  early  to  mid-1980s,  these  dis- 
persed photovoltaic  systems  became  known  for 
their  favorable  characteristics:  versatility, 
reliability,  free  fuel,  modularity,  and,  very  impor- 


SMALL-SCALE  PHOTOVOLTAIC  ENERGY  SYSTEMS  :  ADVANTAGES 


VERSATILITY 


RELIABILITY 


FREE  FUEL 


PV-powered  systems  are  highly  adaptable  to  different  tasks  and  to  different  geographical 
circumstances.  The  sun's  energy  provides  direct  output  of  electricity  which  can  be  stored  if 
necessary,  and  transformed  to  provide  any  range  of  voltages  and  currents  both  DC  and  AC. 
This  power  can  then  be  used  to  drive  a  variety  of  devices  such  as  lights,  water  pumps, 
communications  systems,  medical  equipment,  televisions,  radios,  and  telephones. 


PV  panels  are  solid-state  devices  rather  than  mechanical  ones.  There  are  no  moving  parts. 
This  is  especially  important  in  areas  where  material  and  personnel  required  to  maintain  and 
repair  complicated  equipment  may  be  limited. 


Once  installed,  the  ongoing  cost  of  providing  power  is  virtually  zero.  Rather  than  requiring 
the  use  and  cost  of  fuel,  P V  provides  a  continuing  source  of  power  using  only  energy  from 
the  sun. 


MODULARITY 


PV  systems  can  be  scaled  to  meet  any  energy  demand.  This  allows  systems  to  be  tailored 
and  designed  to  satisfy  immediate  needs.  Systems  can  be  economically  expanded  as  demand 
grows.  PV  systems  are  flexible  in  size  and  capacity. 

ENVIRONMENTALLY  SAFE 

Photovoltaics  is  the  cleanest,  most  environmentally  benign  of  any  energy  source.  There  are 
virtually  no  emissions  from  combustion.  There  are  no  moving  parts  and  no  noise  pollution 
other  than  from  motors  or  end-use  devices.  There  are  no  visual  encumbrances  such  as  light 
or  smoke. 


tantly,  no  negative  environmental  consequences 
from  their  operations. 

Today,  photovoltaics  is  the  only  energy 
source  with  broad  potential  that  continues  to 
decline  in  cost.  As  a  result,  the  list  of  PV- 
powered  applications  is  rapidly  expanding.  In 
addition  to  powering  remote  communications 
and  navigation  equipment,  PV  is  appropriate 
and  cost-effective  for  stand-alone  systems  for 
agriculture,  medical  care,  and  general  lighting. 
There  are  almost  2  billion  people  in  the  world 
without  electricity  to  meet  their  basic  needs. 
Photovoltaic-powered  systems  are  playing  an 
important  role  in  the  planning  and  project  im- 
plementation in  developing  countries. 


Typical  Components  of  a  P  V  System 
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Along  with  its  increased  role  in  the  planning 
of  sustainable  strategies  in  developing  countries, 
PV  systems  are  increasingly  being  used  closer  to 
home.  The  Coast  Guard  operates  PV-powered 
navigational  aids,  and  the  Massachusetts  Nation- 
al Guard  employs  PV  to  trickle  charge  batteries 
on  emergency  vehicles.  Many  states  are  now 
using  PV  to  power  highway  call  boxes  and  opera- 


tional signals  as  well  as  lighting  and  other  needs 
in  parks  and  remote  areas.  In  cities,  PV- 
powered  lighting  is  cost-effective  for  shelters 
and  bus  stops.  The  range  of  consumer  products 
continues  to  grow  from  the  early  days  of  solar 
calculators  and  watches.  There  are  PV  systems 
for  boats,  mobile  homes,  and  garden  lighting. 
Expected  new  consumer  products  include  PV 
sun-roofs  on  automobiles  to  run  ventilation  sys- 
tems and  PV  on  portable  computers  to  charge 
batteries. 

Despite  its  growing  potential,  during  the 
early  and  mid-1980s,  the  development  and 
progress  of  this  technology  have  been  mired 
down  in  a  negative  business  and  political  climate. 
Low  oil  and  gas  prices,  a  surplus  of  electric 
generating  capacity,  the  loss  of  federal  tax 
credits,  the  phase-down  of  federal  efforts  to 
stimulate  R&D,  and  the  general  perception  of 
renewable  energy  technologies  as  not  fully  cost 
competitive  all  contributed  to  a  slow-down  in 
development  and  utilization.  Long-term 
benefits  were  sacrificed  because  of  short-term 
policy  views.  However,  fuel  prices  are  now 
rising.  Power  shortages  are  becoming  real.  PV 
is  experiencing  significant  technical  and 
manufacturing  advances.  And  environmental 
concerns  are  no  longer  being  ignored.  Today, 
how  does  PV  compete  with  these  economic 
changes  and  political  shifts? 

Electricity  generation  is  a  major  contributor 
to  CO2  emissions.  Approximately  thirty-three 
percent  of  the  U.S.  total  carbon  emissions  from 
fossil  fuels  comes  from  electric  power  plants. 
Fossil  fuel  emissions  contribute  not  only  to  the 
greenhouse  problem  but  also  to  urban  smog, 
acid  deposition,  and  stratospheric  ozone  deple- 
tion. Current  and  future  strategies  and  policies 
must  include  limiting  the  combustion  of  fossil 
fuels. 


1986  U.S.  Cartoon  Emissions  by  Sector 
(as  percent  of  U.S.  total  emissions  from  fossil  fuels) 
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Photovoltaics  is  one  strategy  to  provide  ener- 
gy without  negative  environmental  consequen- 
ces. 

No  technology  is  completely  environmental- 
ly benign.  However,  PV  is  the  cleanest,  most 
environmentally  benign  of  any  energy  source. 

As  environmental  impacts  are  measured,  all 
stages  of  energy  production  have  to  be  con- 
sidered. There  are  different  capital,  fuel,  and 
operating  characteristics.  The  effects  of  fuel  ex- 
traction, plant  construction,  materials  fabrica- 
tion, operation,  and  decommissioning  have  to  be 
recognized  and  factored.  Although  during  cell 
manufacturing,  photovoltaics  does  require  sig- 
nificant one-time  inputs  of  raw  material,  there 
are  practically  no  emissions  during  operation. 
Compare  this  to  a  coal  plant  which  has  emissions 
and  resource  impacts  associated  with  coal  mini- 
ng, coal  transportation,  coal  plant  construction, 


and  electricity  generation.    Coal  produces  its 
most  significant  emissions  during  operations. 

Not  only  must  we  keep  in  mind  the  environ- 
mental impacts  at  all  stages  of  the  energy 
production  cycle,  but  we  must  also  look  at  the 
hidden  costs  of  energy  production.  This 
economic  problem  is  one  of  externalities,  in 
which  the  costs  related  to  electric  power  sources 
are  not  directly  represented  in  their  market 
price.  These  costs  result  from  environmental 
effects,  subsidies,  and  unquantified  risk  factors. 

If  one  adds  social  costs  to  the  traditional 
capital  cost  of  conventional  power,  photovoltaics 
is  already  generally  competitive  with  coal,  oil, 
and  nuclear  generated  power.  Social  costs  in- 
clude the  health  and  economic  consequences  of 
CO2  and  SO4,  assorted  particulates,  and  radia- 
tion. Also  included  are  such  risks  as  fuel  cost  and 
availability,  nuclear  fuel  and  waste  containment, 
and  global  warming.  Finally,  such  subsidized 
costs  as  our  military  capability  to  protect  oil 
supplies,  the  underwriting  of  nuclear  insurance, 
and  assorted  tax  breaks  for  conventional  power 
technologies,  all  effect  the  true  value  of  energy. 

It  is  not  clear  how  the  social  costs  of  global 
warming  and  environmental  degradation  will  be 
internalized  in  the  price  of  polluting  and  non- 
polluting  options.  According  to  a  recent  study 
by  Olav  Hohmeyer  for  the  Fraunhofer  Institute, 
if  all  the  costs  to  society  are  truly  accounted  for, 
and  added  to  the  cost  of  generation,  photovoltaic 
energy  products  would  be  cost-effective  for 
utility-scale  power  in  the  very  near  future. 

However,  at  this  time,  there  is  a  marked 
disparity  of  advantage  accorded  conventional 
power  technologies  to  the  detriment  of  cleaner 
renewable  energy  resources.  This  disparity  fal- 
sely argues  for  continued  use  of  conventional 
energy  sources,  and  restricts  the  development 


Carbon  Dioxide  Emissions:  Electric  Technologies 

Emissions  by  Energy  Production  Stage 
(Metric  Tons  per  GWh) 


Technologies 

Conventional  Coal  Plant 

AFBC  Plant  + 

IGCC  Electric  Plant  +  + 

Oil  Fired  Plant 

Gas  Fired  Plant 

Ocean  Thermal  Energy  Con. 

Geothermal  Steam 

Small  Hydropower* 

Boiling  Water  Reactor 

Wind  Energy 

Photovoltaics 

Solar  Thermal 
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Fuel  Extraction       Construction       Operation 


1.0 
1.0 
1.0 


NA 

0.3 

NA 

1.5 

NA 

NA 

NA 

NA 

-1509.1 


1.0 
1.0 
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3.7 
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10.0 

1.0 

7.4 

5.4 

3.6 

3.1 

2.9 


962.0 

960.9 

748.9 

726.2 

484.0 

300.3 

55.5 

NA 

5.3 

NA 

NA 

NA 

NA 

1346.3 


+  An  Atmospheric  Fluidized  Bed  Combustion  (AFBC)  plant 

+  +  An  Integrated  Gasification  Combined  Cycle  (IGCC)  plant 

(-)  Missing  or  inadequate  data  for  analysis,  estimated  to  contribute  1% 

(NA)  Not  Applicable 

*  This  analysis  considered  construction  of  new  dams 

Source: 
U.S.  Department  of  Energy 
Environmental  Emissions  From  Energy  Technology  Systems:  The  Total  Fuel  Cvcle. 


Total 

964.0 

962.9 

750.9 

726.2 

484.0 

304.0 

56.8 

10.0 

7.8 

7.4 

5.4 

3.6 

3.1 

-159.9 


and  utilization  of  clean  energy  technologies. 
Both  utility  accounting  procedures  and  the 
regulatory  environment  create  little  or  no  incen- 
tives to  use  renewable  and  alternative  energy 
sources.  There  are  no  rewards  for  using  clean 
energy. 

So  then,  how  does  photovoltaics  fit  into  the 
energy  picture  for  the  1990s? 


Peak  load  power  plants  are  intended  to 
produce  power  for  the  periods  of  highest  electri- 
cal demand  within  a  particular  period  of  time. 
Many  regions  in  the  United  States  are  charac- 
terized by  summer  peaking  electric  power 
demands.  The  summer  peaks  tend  to  occur  from 
mid  to  late  afternoon  as  the  demand  for  cooling 
increases.  Solar  insolation  also  peaks  in  the  mid- 
afternoon  periods  in  summer.    Photovoltaics 


provide  a  good  match  between  solar  availability 
and  peak  load  periods. 

Currently,  utility  peak  power  generation 
provides  the  most  expensive  and  least  efficient 
energy.  For  large  residential  customers  in  the 
Long  Island  Lighting  Company  service  area  in 
New  York,  the  average  summer  daytime  rate  is 
18  cents/kWh.  During  hot  weather,  Southern 
California  Edison  rates  alternate  between  1.8  to 
140  cents/kWh  with  the  average  cost  of  power 
during  these  hot  summer  days  being  37.3 
cents/kWh.  The  cost  of  PV  generated  electricity, 
now  25  cents  to  35  cents/kWh,  is  predicted  to  fall 
to  10  to  20  cents/kWh  during  the  next  phase  of 
industrial  expansion.  By  accepting  photovol- 
taics  as  a  legitimate  and  cost-effective  supplier 
of  peak  power,  solar  energy  can  be  integrated 
into  the  utility  sector  to  provide  new  and  clean 
sources  of  peak  power  as  well  as  to  replace  aging, 
costly,  and  environmentally  unsafe  peak-power 
plants.  In  the  United  States  today,  there  are 
already  over  200  grid-connected  PV  systems 
providing  highly  reliable  peaking  power. 

In  addition  to  this  high-value  end  of  electrical 
energy  generation,  P  V  is  now  contributing  to  the 
utility  small  power  market.  As  a  cost-effective 
choice,  PV-powered  applications  for  this  market 
include  line  voltage  augmentation  and  all  types 
of  monitoring  and  switching  devices.  Highway 
lighting  for  signs  and  interchanges  and  com- 
munication repeaters  are  other  applications 
where  a  PV  system  is  cost-effective  when  com- 
pared to  the  cost  of  a  transformer  or  a  trans- 
former and  line  extension.  Photovoltaic  systems 
will  also  play  a  role  in  reducing  demand  charges 
for  customers  who  have  a  low  overall  energy 
usage  which  is  highlighted  by  a  relatively  short 
high  day-time  demand. 


Where,  how,  and  when  P  V  fits  into  our  utility 
energy  makeup  depends  on  the  intersection  of 
many  factors.  We  are  at  the  point  now  where  we 
are  beginning  to  see  the  integration  of  the  tech- 
nology with  policy  and  regulatory  issues.  Advan- 
cements are  being  made  in  the  performance 
efficiency  and  stability  of  PV  modules.  We  are 
seeing  the  increase  of  the  quality  and  yield  of  the 
manufacturing  processes  with  reduced  produc- 
tion costs.  The  societal  value  of  photovoltaics  is 
beginning  to  find  its  way  into  utility  resource 
planning  through  least-cost  energy  planning 
principles  which  consider  the  full  social/environ- 
mental costs  of  each  energy  option. 

We  can  no  longer  ignore  the  value  of  clean 
energy.  Driving  our  energy  choices  solely  on 
costs  without  regard  for  environmental  conse- 
quences is  unacceptable.  When  evaluating  and 
selecting  our  future  energy  options,  responsible 
planning  must  incorporate  environmental  im- 
pacts along  with  the  system's  cost,  efficiency,  and 
reliability  calculations. 


This  paper  was  part  of  the  official  proceedings  for  the 
New  England  Environmental  Expo,  April  1990,  Boston, 
Massachusetts.. 
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